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ELECTRON MICROSCOPIC STUDY OF NORMAL SKIN COLLAGEN
AND ELASTIC FIBERS*
IRWIN H. LINDEN, M.D., EDWARD LADEN, M.D., JOHN 0. ERICKSON, PH.D.
AND DOROTHY ARMEN, B.A.
The electron microscope is now being used with increasing success in the
examination of tissue prepared in thin sections. In previous reports the authors
have published electron micrographs of prickle cells and basal cells of the epi-
dermis as seen in such sections (1, 2). This paper describes the extension of these
studies to dermal collagen and elastic fibers prepared by the same technics.
Skin collagen has been extensively studied under the electron microscope
by Gross (3), Gale (4), and Tunbridge, et a!. (5). All these studies have employed
methods using collagen fibrils which were separated by teasing or maceration.
These fibrils were then handled by several different procedures. They were fixed
and viewed directly; they were shadowed with chromium, platinum, or other
metals; they were stained with phospho-tungstic or osmic acids; or they were
coated with a thin plastic film, forming a plastic replica which in turn was
shadowed with a metal for visualization (3). The latter technic has been of
particular interest as it is the only means by which unfixed, moist, fresh prepa-
rations can be studied.
The results of these previous studies have revealed the diameter of the collagen
fibrils to he from 700 to 1200 A, with an average of 800 to 1000 A. By all the
technics used it has been noted that a collagen fibril consists of a regular series of
dark and light areas, referred to as periodicity. The dark areas are generally
400 A in length and the lighter areas 200 A in length and together they constitute
the "macroperiod". Detailed studies have shown that each macroperiod has an
intraperiod structure, although this is not always visible. This further dif-
ferentiation of the dark part of each macroperiod is manifested as a series of as
many as 4 to 6 narrow dark bands alternating with light areas. Most often, how-
ever, there are just a pair of such rings seen in the middle of each macroperiod.
The structure of elastic tissue has been studied under the electron microscope
by Tunbridge, et al. (5), Gross (6), Franchi and DeRobertis (7), Schwarz and
Dettmer (8), Lansing, et al. (9), and Bahr (10). All studies have involved the use
of teased or macerated preparations. In order to remove the collagen which was
relatively more abundant than elastin, the tissues studied were generally sub-
jected to some form of digestion which caused swelling of the collagen and
allowed its removal. As a result of his studies Gross (6) defined elastin as "a
two-component system composed of bundles of trypsin-sensitive, heat resistant
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FIG. 1. (Total magnification 4500X) Specimen from normal leg skin demonstrating
marked periodicity of the collagen. Note the similarity to striations of voluntary muscle.
'amorphous' binding matrix." He demonstrated by photograph and diagram that
the elastic fiber occurred as a bundle of fibrils held together by the "amorphous
binding matrix." These fibrils were each composed of bundles of threads, and
each thread was composed of two filaments coiled together. The coiled threads
were calculated to have a width of about 120 A and the individual filaments a
diameter of about 70 A. There has been much controversy with regard to these
observations and the majority of subsequent investigators have not confirmed
these findings. It was demonstrated by Franchi and DeRobertis (7) that such
helical structures represent contamination by bacteria, and could be produced in
simple non-sterile trypsin preparations without elastin. Gross, himself, in a later
paper (11) also agreed with their work. Lansing, et al. (9) reviewed this subject
and they also formulated the concept of elastic fibers having in part a helical
structure, however, the fibers were much larger than those noted by Gross. Most
authors describe elastic fibers as loose, ill-defined, non-striated fibrils embedded
in an apparently amorphous matrix (5).
The purpose of this paper is to demonstrate the typical appearance of collagen
in tissue sections and to describe a non-striated coiled fiber that has been seen in
occasional sections and is thought to be elastic in origin.
MET HOD
The skin used was obtained from normal skin areas on patients who were free
of any systemic disease. The specimen was immediately divided into 2 mm. cubes
and placed in 2 % osmic acid fixative for two hours. The specimens were then
dehydrated by immersion for one hour periods in alcoholic solutions of pro-
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FIG. 2. (Total magnification 21,500X) Specimen from normal abdominal skin showing
network of collagen fibrils. Note the regular beading of almost every fibril present.
FIG. 3. (Total magnification 16,500X) Uranium shadowed. Specimen from normal leg
skin clearly showing the regular periodicity characteristic of the collagen fibril.
FIG. 4. (Total magnification 16,500X) Uranium shadowed. Specimen from normal leg
skin. Two distinctly coiled fibers are present while in the background are smaller striated
fibrils of collagen. The coiled fibers are presumably elastic fibers.
gressively increasing concentration ranging from (50 % to absolute ethyl alcohol
and filially in 50 % absolute alcohol and 50 % n-butyl methaerylate containing di-
chlorobenzoyl peroxide catalyst. After the specimens had been in the methacryl-
ate-alcohol mixture for one hour they were transferred to pure methacrylate and
placed in the refrigerator at 5° C. for 15 to 18 hours. Each piece of the specimen
was then placed in fresh methacrylate in a 0 gelatin capsule and polymer-
ization was allowed to occur in a 45° C. oven for 15 to 20 hours. This embedding
procedure is similar to that described by Newman, et al. (12).
Sectioning was performed on a Spencer microtome, Model 820, with the special
wedge modification of Pease and Baker (13). All sectioning was done with steel
knives sharpened by the Hillier technic (14). Sections were floated off on 50%
A
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dioxane containing sodium chrom glucosate and picked up on 200 mesh silica
coated screens. The embedding media was then removed by sublimation in the
shadow casting apparatus in the manner described by Watson (15). Although
most specimens were viewed directly with the electron microscope, several were
shadowed with uranium to bring out greater detail.
OBSERVATIONS
Figure 1. This electron micrograph is from normal leg skin at the level of the
mid-corium. The fibrils are arranged here in a compact bundle in contrast to the
interlacing network seen in the upper corium (Figure 2). Periodicity is clearly
evident here but appears as striations due to the side-by-side alignment of the
flbrils. There is a resemblance to the striations of voluntary muscle although those
seen here are very much smaller; likewise no striated muscle fibers would be seen
in leg skin. Several histiocytic type cells of the corium are also present.
Figure 2. This is an electron micrograph of normal abdominal skin taken at
low magnification. The area viewed is part of the papillary cutis lying just below
the epidermal-dermal junction. The interlacing network of collagen typical of
this area is clearly seen. Individual fibrils are numerous and the vast majority
show a regular beading which corresponds to the periodicity previously discussed.
Figure 3. This electron micrograph is from a uranium shadowed specimen of
normal leg skin. This is presented to show how clearly periodicity can be demon-
strated in sectioned material. The regular beading is present in all the fibrils
although detail is lost in the bundles present in either corner.
Figure 4. This electron micrograph was also obtained from a uranium
shadowed specimen of normal leg skin. Two distinctly coiled fibers are most
prominent. These fibers do not show periodicity whereas in the background are
several fibrils which show a faint periodicity clearly identifying them as collagen.
DISCUSSION
This investigation has employed sectioning technics for the electron micro-
scopic study of normal dermal fibrous structures. No similar study has been
noted in the literature available to us. It will be well, therefore, to compare the
present results with those already published where other technics were used.
Collagen: The configuration of the fibrils and the regular periodicity compare
closely with all previously published electron micrographs. Only the finer intra-
period bands were not observed.
The diameters of twenty individual fibrils in four different specimens were
measured, and ranged from 720 to 900 A. This range is slightly lower than that
found by Gross (3) which averaged 800 to 1000 A, but the difference does not
seem to be material considering the wide variance in the technics.
An advantage of in situ preparations is that the pattern of the collagen fibers
suggests the original location in the dermis of the specimen being viewed. This
added information will be of value when pathologic tissues are studied as the
small size of the specimens necessitated by the electron microscope frequently
means loss of normal orienting structures.
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Elastic fibers: The Coiled fibers seen in Figure 4 compare closely morphologically
with those described by Lansing, et al. (9). Evidence in support of the fibers seen
in Figure 4 being elastic in nature is: (a) they are much less frequently seen
than are collagen fibrils; (b) they are not striated or beaded as are collagen
fibrils; (c) there has been no other naturally occurring coiled fiber described for
the skin; (d) reticulum fibers are ruled out because they have been shown to
present periodicity similar to collagen (16); and (e) there is no conceivable
artefact that would cause the twisting of fibers. The work of Lansing, et al. (9)
lends support to the concept that the fibers we have photographed are elastic.
The size of the individual fibers in Figure 4 is approximately 150 mg which falls
in the range of fiber diameters mentioned by Lansing—smallest fiber visualized
in the electron microscope being 25 mp and fibers of 1 micron being seen in the
light microscope. Further studies of such fixed tissues will be necessary to con-
firm this impression.
CONCLUSIONS
1. The structure and size of collagen fibrils as they appear in normal skin
which has been embedded and sectioned are essentially the same as those re-
ported in studies involving teased or maccrated collagen preparations.
2. The finer details of intra-period structure were not observed in the collagen
fibrils.
3. The depth of origin in the dermis of the collagen fibers was evident from the
pattern of the collagen masses.
4. Coiled fibers believed to be elastic fibers are described and discussed.
5. In situ visualization of the fibrous structure of the normal dermis has been
accomplished, adding one more technic to the armamentarium of the dermato-
logic investigator.
REFERENCES
1. LADEN, E., EEIcKsoN, J. 0., AND AEMEN, D.: Electron microscopic study of epidermal
prickle cells. J. Invest. Dermat., 19: 211, 1952.
2. LADEN, E., LINDEN, I. H., ERIcKsoN, J. 0. AND ARISEN, D.: ElcctroD microscopic study
of epidermal basal cells and epidermal-dermal junction. J. Invest. Dermat., 21: 37,
1953.
3. Gseoss, J. AND ScHMITT, F. 0.: Structure of human skin collagen as studied with the
electron microscope. J. Exper. Med., 88: 555, 1948.
4. GALE, J. C.: Electron microscope studies of collagen from normal and discased tissues.
Am. J. Path., 27: 455, 1951.
5. TTJNBRIDGE, R. E., TATTEESALL, R. N., HALL, D. A., ASTBURY, W. T. AND REED, R.:
The fibrous structure of normal and abnormal human skin. Clin. Sc., 11: 315, 1952.
6. GEoss, J.: The structure of elastic tissue as studied with the electron microscope. /.
Exper. Med., 89: 699, 1949.
7. FEANOHI, C. M. AND DEROBERTIS, E.: Electron microscope observations on elastin
fibers. Proc. Soc. Exper. Biol. & Med., 76: 515, 1951.
S. ScHwAEZ, W. AND DETTMEE, N.: Electronoptieal studies of the elastic tissue of the
media of the human aorta. Virchows Arch. f. path. Anal., 323: 243, 1953.
9. LANSING, A. I., ROSENTHAL, T. B., ALEX, M. AND DEMPSEY, E. W.: The structure and
chemical characterization of elastic fibers as revealed by elastase and by electron
microscopy. Anal. Rec., 114: 555, 1952.
88 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
10. BAnE, G. F.: Electron microscopic studies of collagenous and elastic tissue. Arch.
Derinat. & Syph., 193: 518, 1951.
11. Gseoss, J.: Fiber formation in trypsinogen solutions: An electron optical study. Proc.
Soc. Exper. Biol. & Med., 78: 241—244, 1951.
12. NEWMAN, S. B., BonysKo, R. F. AND SWERDLOW, M.: New sectioning technics for light
and electron microscopy. Science, 110: 66, 1949.
13. PEAsE, D. C. AND BAKER, R. F.: Sectioning techniques of electron microscopy using a
conventional microtome. Proc. Soc. Exper. Biol. & Med., 67: 470, 1948.
14. HILLIER, J.: On sharpening of microtome knives for ultra-thin sectioning. Rev. Scienf.
Instruments 22: 185, 1951.
15. WATSON, M. L.: Improved techniques for the preparation of tissue sections for the
electron microscope. Atomic Energy Project Quarterly Report, PR 164: 103—108, Sec-
tion 360, Jan. 1—Mar. 31, 1951.
16. TOMLIN, S. C.: Reticulin and collagen. Nature, 171: 302, 1953.
DISCUSSION
Dn. STEPHEN ROTHMAN: (Chicago, Ill.) I wish to congratulate the authors for
their beautiful preparations. I would like to know whether the two last pictures
were taken from non-teased preparations. The conspicuous incoherence of the
fibers makes me believe that possibly these specimens were teased. An easy way
to decide whether the rope-like structures are elastic fibers or not would be the
application of elastase to the preparation. This enzyme specifically acts only on
elastic fibers.
DR. IRWIN H. LINDEN, (in closing): Thank you for your questions, Dr. Roth-
man.
The last two photographs were not of teased fibers, but they were of actual
thin sections cut with the microtome.
I think the use of elastase is a very good suggestion. It has been our experience,
however, that it is difficult to reproduce sections, and in order to utilize elastase
it would be necessary to see the same sections twice, once before elastase and
then after its use. So far we have not been successful in doing this. When this is
accomplished it will certainly help to define the nature of these fibers.
